Moreover, following the increased use of screening and diagnostic testing, the diagnosis of DTC is attributing to the increased detection of differentiated thyroid microcarcinomas (DTMC), which were defined as a size of 10 mm or smaller in its greatest dimension [5] .
Thyroid nodule is a common manifestation of DTC. Thus, when patients are presented with thyroid nodule(s), it is of importance to evaluate their risk of being malignant. To date, several factors, such as very young and very old age, history of ionizing radiation or head and neck beam radiation in their youth, family history of thyroid cancer, fixed lesion, vocal cord paralysis, and rapid growth, are considered to be risk predictors of malignancy [9, 10] . In recent years, a slightly elevated preoperative serum TSH concentration has been reported to be a potential predictor in several studies [11] .
However, so far only six studies of this type have enrolled more than 1,000 patients [12] [13] [14] [15] [16] [17] . Among them, most did not have final diagnoses based on sur-gery, 1 patient (0.04%) who had been exposed to high levels of radiation, 32 patients (1.3%) were pregnant or lactating or taking estrogen replacement therapy, and 156 patients (6.2%) who were missing serum TSH data. Forty-one patients (1.6%) with presence of undifferentiated thyroid cancer or medullary thyroid cancer on final pathology were not included when final analysis was done, either. The remaining 1,870 individuals (74.8% of 2,500 patients, 421 men and 1,449 women) met the criteria for constituting the study cohort.
Thyroid profiles
Preoperative blood tests were obtained five and one day prior to thyroidectomy between 7:00 and 10:00 a.m. with the patient in a fasting state. Each thyroid profile consisted of a serum TSH, thyroid peroxidase antibody (TPOAb) and thyroglobulin antibody (TgAb). They were measured using the automated immunochemiluminescent assay (ICMA) (Abbott, Abbott Park, IL, USA) at the same laboratory in our hospital. The sensitivity of TSH assay was 0.01 mIU/L. The reference range, intra-assay and inter-assay coefficients of variation were 0.3-4.8 mIU/L [21] , 4.9% and 5.2%, respectively, for TSH. Serum TPOAb exceeding a level of 50 KIU/L and/or TgAb exceeding a level of 40 KIU/L were considered as high serum autoantibody values [22] . The intra-assay and inter-assay coefficients of variations for TPOAb and TgAb were less than 8.5%.
Thyroid ultrasonography
Thyroid ultrasonography was performed by four trained observers using high-resolution equipment (Aplio80, TOSHIBA, Japan) two weeks and one day prior to thyroidectomy. Thyroid nodule number, size and echo pattern were documented. In order to assess the intraobserver and interobserver reliability, we designed a double-blinded test before the start of the study, in which thirty volunteers were involved. Their agreement for abnormal echo pattern and nodules was 96.7%. As for nodule size, the intra-and inter-observer CVs were 8.7% and 9.3%, respectively.
Pathology
Final histological results following resection (after surgery) were available for the entire cohort of the patients. All results were reviewed by an experienced pathologist (Wang Y) to confirm the presence or absence of DTC consists of PTC and FTC. For DTCs, tumor size, status of extrathyroidal invasion, lymph gical pathology reports. Neither can we find any data from Chinese cases, which involve a distinctly different ethnic population from western populations. In addition, only two studies have analyzed the association of TSH concentration with thyroid microcarcinomas [18, 19] with conflicting conclusions.
Thus, the present study includes two objectives: first, to investigate whether preoperative serum TSH concentrations can predict DTC in Chinese patients with thyroid nodules; and second, to test the hypothesis that TSH can also be used for risk prediction of DTMC, which may be in an early stage of development of DTC. With these objectives in mind, we took the advantage of a large cohort of patients who underwent surgery on thyroid nodule(s) at a single hospital in an iodine-sufficient region in China, to compare TSH concentrations in individuals with benign thyroid nodule(s) and patients with DTC, or patients in whom DTMC was confirmed. We also analyzed the relationship of preoperative serum TSH with the aggressive clinicopathological characteristics and cancer stages.
Subjects and Methods

Subjects
This study was conducted at the First Affiliated Hospital of China Medical University, Shenyang, China. Shenyang is an iodine sufficient intake area, where median urinary iodine level in residents was documented to be normal (188 μg/L) [20] . A cohort of 2,500 patients who underwent thyroid surgery due to thyroid nodule(s) at the hospital between Jan. 2005 to Oct. 2009 were retrospectively reviewed. In our hospital, during the period of the present study, diagnostic work-up before surgical procedure included physical examination, thyroid profiles and thyroid ultrasonography, while unfortunately, fine needle aspiration biopsy (FNAB) test was not performed. Indications for surgical procedure were: 1) thyroid nodule(s) confirmed by ultrasound; and 2) no contradictions of surgical procedure; and 3) with the patient's option of being treated by surgery.
In order to minimize the likelihood that medical conditions or prescribed medication might affect the development of DTC and the concentration of thyroid profiles, we excluded 277 patients (11.1% of 2,500 patients) who reported a personal history of thyroid dysfunction no matter whether they were being managed with thyroid hormone or antithyroid drugs, 123 patients (4.9%) who reported a history of thyroid sur-node metastasis, and distant metastasis were recorded so that tumors were staged as per the staging system of the American Joint Committee on Cancer [9] .
Statistical analysis
Data are presented as mean ± standard deviation (SD) or percentages. Student's t test and ANOVA test were used for numeric variables. Since data for TSH do not adhere to a Gaussian distribution, a log-transformation was made before comparison and descriptive statistics were therefore reported as median and empirical percentiles. The chi-square test (χ 2 ) or Fisher's exact test was used for categorical variables. Finally, a binary logistic regression analysis was used to evaluate the independent influence of factors. The outcomes were the presence or absence of DTC (or DTMC) on final pathology. The level of significance was set at 5%. Statistical analysis was done using SPSS software (version 13, Chicago, IL, USA).
Ethical aspects
Research protocols were approved by the Medical Ethics Committee of China Medical University. The protocols were carefully explained to all participants, and an informed consent for voluntary participation was obtained from them.
results
Characteristics of the study cohort
The final study cohort of 1,870 patients consisted of 1,449 (77.5%) females and 421 (22.5%) males. The mean age of the patients was 47.5 ± 12.1 (range 12-78) years and 50.2 ± 11.7 (range 15-80) years in females and males, respectively. Of them, 85.6% (n = 1,601) were diagnosed with benign and the remaining 14.4% (n = 269) had DTC (Table 1) . PTC accounted for the vast majority of the DTC diagnoses (95.5%, n = 257). Eighty-nine (33.1%) of 269 patients had DTMC, with a mean size of 6.7 ± 2.3 mm. Forty-seven (17.5%) of 269 DTC patients were performed total or near-total thyroidectomy. The rate of prophylactic and therapeutic lymphadenectomies for DTC was 45.7% (n=123).
Mean ages of the patients with and without malignancy were 43.4 ± 12.7 and 48.6 ± 11.6 yr, respectively (P = 0.0001). Prevalence of overall DTC, but not micro-DTC, in relation to patients' age in years demonstrated an evident increase in the youngest patient group (≤ 30 yr) (Fig. 1) . Female patients had signifi- and micro-DTC according to patients' age and serum TSH concentration. A, Prevalence of DTC in relation to patients' age demonstrated significant increased prevalence in patients at the youngest age group (*, P < 0.05; **, P < 0.01; ***, P < 0.001, compared with age group ≤ 30), while prevalence of micro-DTC were similar in each group. B, Prevalence of DTC according to patients' TSH concentration indicated a clear TSHrelated increase (*, P < 0.05; **, P < 0.01, compared with TSH 1.0-1.9 mIU/L). However, TSH concentration did not relate to prevalence of micro-DTC. The number of patients (n) in each group is given beneath the graph.
a bell-shaped curve. The majority of patients (n = 1 697) were euthyroid based on TSH alone. The prevalence of DTC (n = 8, 5.8%) was lowest in subjects with serum TSH below the normal range (≤ 0.3 mIU/L). As TSH increased, the prevalence of DTC on final pathology rose. Even within the normal range of TSH (0.3-4.8 mIU/L), the pattern of escalating DTC prevalence with higher TSH persisted. This confirmed the results of previous studies in other races. The prevalence of DTC in subgroups was compared to that in patients with serum TSH 1.0-1.9 mIU/L, the optimal interval of TSH established previously, indicating significant differences as shown in Fig. 1 . Binary logistic regression analysis including gender, age, nodule type, nodule size, ultrasonographic characteristics and serum TSH was performed to determine which factor(s) are independent risk predictors for DTC. Independent risk predictors were listed in Table  2 , and the odd ratios (95% CI) in favor of having DTC were calculated as well. Both as a continuous variable and base on divided ranges, higher TSH was independently associated with DTC on the analysis. The regression analysis was also repeated, excluding subjects with high antithyroid antibodies. The higher TSH concentration as well as nodule type, microcalcification and hypoechogenicity on ultrasonography were again identified as independent factors for the diagnosis of DTC, whereas gender and age were not (Table 2 ). cantly higher rates of malignancy when compared with male patients (15.3% vs. 11.2%, P = 0.032) ( Table 1) .
Mean nodule size was 2.6 ± 1.5 cm in those patients with DTC, compared with 3.2 ± 1.3 cm in those without malignancy (P = 0.001). One hundred and sixtynine of 269 DTC patients had solitary nodules, and more solitary nodules turned out to be DTC than multiple nodules (26.0% vs. 8.2%, P = 0.0001), predicting a higher risk of a solitary nodule to be a DTC (Table 1) .
TSH and likelihood of malignancy
Preoperative TSH was significantly higher in patients with DTC vs. benign pathology. Median TSH in the 269 patients with DTC was 1.57 mIU/L vs. 1.08 mIU/L in those 1,601 patients with benign diagnoses (P = 0.0001). If all 427 patients with high thyroid autoantibodies were removed from the analysis, the median TSH concentration were still significantly higher in the group of patients with DTC than in the group of patients with benign diseases (1.46 mIU/L vs. 1.06 mIU/L, P = 0.016) ( Table 1) .
Serum TSH values were broken down into subgroups as follows: ≤0.3 mIU/L, 0.3-1.0 mIU/L, 1.0-1.9 mIU/L, 1.9-4.8 mIU/L and >4.8 mIU/L, based on cutoff values predetermined in a previous population study (21) , in which we have set up reference range (0.3-4.8 mIU/L) and optimal interval (1.0-1.9 mIU/L) for serum TSH in terms of the development of thyroid dysfunction in 5 years. Similar to the population at large, the distribution of patients loosely followed attempting to find more predictors and markers which can distinguish malignancy from benign nodules.
Measurement of serum TSH, which is a highly sensitive biochemical test for thyroid dysfunction, is recommended in the initial evaluation of patients presenting with thyroid nodules [9, 23] . Encouragingly, several studies discovered an association of serum TSH and thyroid malignancy [12] [13] [14] [15] [16] [17] [24] [25] [26] [27] [28] [29] . This should not have been surprising, because TSH used to be thought
TSH and clinicopathological characteristics of DTC
Median serum TSH concentrations in DTC patients with and without lymph node metastasis were 1.75 mIU/L and 1.46 mIU/L, respectively (P = 0.0001). Median serum TSH in DTC patients with extrathyroidal invasion was higher than that in patients without, but had no statistical significance (1.84 mIU/L vs. 1.50 mIU/L, P = 0.13). The patients with advanced disease (cancer stages III and IV) had a median TSH of 1.73 mIU/L, which was slightly higher relative to those with stages I and II diseases (1.52 mIU/L, P = 0.66). Fig. 2 shows the association of serum TSH concentration and clinicopathological characteristics in differentiated thyroid cancer based on divided ranges. Prevalence of lymph node metastasis and extrathyroidal invasion raised in the higher TSH groups, while prevalence of advanced cancer stages were similar among groups.
Serum TSH concentration cannot predict DTMC
As shown above, we noticed a clear association between serum TSH and likelihood of malignancy of thyroid nodules. However, the risk prediction role of serum TSH was not yielded when only DTMC was included in the analysis. Preoperative TSH was 1.17 mIU/L in patients with DTMC vs. 1.08 mIU/L in patients with benign pathology (P = 0.80). The pattern of escalating prevalence with higher TSH did not apply to DTMC, either (Fig. 1) . No relationship was found between serum TSH concentration and clinicopathological characteristics of DTMC.
Discussion
Thyroid cancer accounts for approximately 5-15% of all thyroid nodules [9] . Most patients with thyroid nodules can be managed conservatively after malignancy is ruled out. Identifying the minority of patients with thyroid cancer who therefore need surgical treatment is a great challenge to the clinician, because most thyroid malignancies are clinically indistinguishable from benign loci. Fine needle aspiration biopsy (FNAB) is a good tool for differential diagnosis. However, FNAB has not been well applied in some parts of the world for various reasons. Moreover, when ultrasound guidance or experienced operator is not available, it sometimes may miss very small malignant loci (microcarcinomas) in nodule(s), the detection of which is predominantly increasing in recent years. Thus, researchers have been might be a risk predictor of DTMC as well, but the present study did not provide any supportive data. A subset analysis showed that the median TSH value was comparable between patients with DTMCs and the benign group, and the prevalence of DTMC and any clinicopathological features of DTMCs were not related to different TSH concentrations. This result is consistent with the study of Gerschpacher et al. [19] , in which the authors demonstrated that TSH was not likely involved in the de novo oncogenesis and progression of these small cancers. Although the explanation to this phenomenon remains unclear, it may indicate that DTMC does have some distinct mechanism and features from non-DTMC. TSH may not be essential for oncogenesis [31] , but plays an important role in tumor growth. Furthermore, we suspect that this phenomenon might be due to the different extent of damage to thyroxine production caused by tumors between large cancers and microcarcinomas. Unfortunately, only a portion of subjects enrolled in the present study had their serum thyroxine concentration examined, thus we could not test our hypothesis. Most previous studies have proposed male gender, compared with female gender, as a risk factor of DTC [12, 18, 24, 25] . However, in our series, females had a greater tendency of having DTC rather than males based on binary logistic regression analysis. After removing those patients with high anti-thyroid antibodies from the cohort, gender was no longer a helpful factor in predicting risk of DTC. We have no solid explanation for this inconsistency. Nevertheless, because women tend to have a higher TSH [32] , one may anticipate women would be more susceptible to DTC if they are not over-represented in the subgroup undergoing surgery for benign conditions than men.
The limitations of this study are: 1) it included a relatively small sample size of DTMCs (n = 89); 2) it is retrospective; and 3) FNAB was not routinely performed in diagnostic work-up before surgical procedure, which has already been recommended by guidelines and performed in everyday clinical practice in developed countries.
In conclusion, we have confirmed the risk of overall DTC in thyroid nodules increases in parallel with TSH concentration, even within its normal range. This pattern is present regardless of antibody status, race, and iodine nutrition. Higher TSH is also associated with aggressive characteristics of DTC, but serum TSH is not a good risk predictor of DTMCs. Taken together, of as a growth factor of thyrocytes. A recent study has shown that TSH plays a key role in Braf-induced PTC initiation in a mouse model with a thyroid-specific knock-in of oncogenic Braf [30] . However, only two studies have analyzed the association of TSH concentration with thyroid microcarcinomas. In the study of Haymart et al., a separate subset analysis revealed an escalating risk of malignancy with higher TSH concentration [18] , while the other indicated that TSH was not involved in the oncogenesis of these small cancers [19] . Therefore, this is still an unresolved question.
The overall rate of DTC in the final pathology outcome in the present study was 14.4%. It is higher compared to studies by Polyzos et [18] . It is true that surgical pathology has higher sensitivity and accuracy for diagnosing DTC. However, this does not explain the data of present study. FNAB test was not performed in our hospital during the period of the present study. Hence, the higher rate of surgical procedures for benign lesions done in our cohort was compared to Haymart et al. cohort [18] .
Using this large series of patients presented clinically as thyroid nodule(s) who underwent thyroid surgery at a single hospital, we confirmed the pattern of escalating DTC prevalence with higher TSH, even within its normal range. Even excluding patients with high thyroid antibodies, serum TSH concentration is an independent risk factor of DTC, suggesting the increasing risk of DTC in patients with TSH in the upper end of normal or markedly elevated level is unlikely to be solely due to increased antithyroid antibody levels. This demonstrates the real association between TSH and malignancy, given the well known influence of anti-thyroid antibodies on TSH [21, 22] . Moreover, our data show that higher TSH in patients with DTC occurs independent of age, which is also an important influencing factor on serum TSH levels. Also shown in this study, in patients who were diagnosed with DTC, the prevalence of lymph node metastasis and extrathyroidal invasion increased in the higher TSH groups. Together with what Haymart et al. and Fiore et al. recently reported [13, 14, 18, 24] , one may anticipate higher TSH is associated with not only prevalence of DTC but also aggressive characteristics of DTC.
We had originally hypothesized that serum TSH
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elevated TSH level may be related to advanced stage, that is, progression of thyroid cancer, but not with the development of thyroid cancer, since microcarcinomas, which may be in an early stage of development of DTC, do not have any relation with TSH level.
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